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Abstract Although the participation of women within the science, technol-
ogy, engineering and mathematics workforces has been widely discussed over
recent decades, the recording and analysis of data pertaining to the gender bal-
ance of medical physicists in Australia and New Zealand remains rare. This
study aimed to provide a baseline for evaluating future changes in workforce
demographics by quantifying the current level of representation of women in
the Australasian medical physics workforce and providing an indication of the
relative contribution made by those women to the local research environment.
The 2015 Australasian College of Physical Scientists and Engineers in
Medicine (ACPSEM) member directory and list of chief physicists at ACPSEM-
accredited radiation oncology and diagnostic imaging training centres were in-
terrogated to identify the gender balance of medical physicists working in Aus-
tralia and New Zealand. A specific investigation of the employment levels of
all medical physicists in Queensland was undertaken to provide an example of
the gender balance at different levels of seniority in one large Australian state.
Lists of authors of medical physics presentations at ACPSEM annual confer-
ences and authors of publications in the ACPSEM’s official journal, were used
to provide an indication of the gender balance in published research within
Australia and New Zealand.
The results of this study showed that women currently constitute approx-
imately 28% of the medical physics workforce in Australia and New Zealand,
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distributed disproportionally in junior roles; there is a decrease in female par-
ticipation in the field with increasing levels of seniority, which is particularly
apparent in the stratified data obtained for the Queensland workforce. Com-
parisons with older data suggest that this situation has changed little since
2008. Examination of ACPSEM conference presentations suggested that there
are similar disparities between the gender-balance of proffered and invited or
keynote speakers (28% and 13% from female authors) and the gender balance
of certified and chief physicists (28% and 21% female). The representation of
women in the ACPSEM journal does not differ substantially between author-
ship of proffered versus invited work (22% and 19% from female authors).
While this work was limited to evaluating the membership, annual confer-
ence and official journal of the ACPSEM (rather than evaluating the entire
medical physics workforce and the contributions of male and female physicists
to international conferences and publications), this study nonetheless led to
the following recommendations: that a longitudinal study analysing correla-
tions between age, period of service, seniority and gender should be undertaken
and that future ACPSEM workforce surveys should include analyses of gender
representation.
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1 Introduction
The participation of women within the science, technology, engineering and
mathematics (STEM) workforces has been widely discussed over recent decades
[1,2]. Despite interest in this topic, little analysis has been completed regarding
the medical physics workforce.
The International Organization for Medical Physics (IOMP) conducted a
medical physics workforce survey between March and July 2013, in which the
genders of respondents were recorded. The 17,024 responses to the survey came
from 66 nations and were estimated to cover 75% of the medical physics work-
force. The results of the survey, reported by Tsapaki and Rehani [3], allowed
the first examination of the gender composition of the international medical
physics community. Mean female participation in each region is presented in
table 1.
The IOMP survey did not, however, include results from Australia and
New Zealand. The most recent analysis of female participation within medical
physics in Australasia was the radiation oncology workforce planning report
[4] in 2009, which surveyed radiation oncology medical physicists (ROMPs),
including registrars, working in Australia. The response rate for this survey
was approximately 80% of the estimated ROMP workforce. Female participa-
tion in the workforce was reported at 32.5%, of which more than half were
concentrated in the 25-34 year age group.
It should be noted that the Australasian College of Physical Scientists and
Engineers in Medicine (ACPSEM) has conducted regular workforce surveys
every 3 years since 2006 [5–7], with the last published in 2013 [7], but these
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Table 1 Mean female participation in medical physics workforces around the world, as
reported by Tsapaki and Rehani [3].
Region % female
Africa 39%
Asia 24%
Europe 36%
Latin America 36%
Middle East 37%
North America 21%
all 28%
surveys have not examined gender ratios. By contrast the The Royal Australian
and New Zealand College of Radiologists (RANZCR), which has a similarly
sized radiation oncology workforce, includes gender in workforce census reports
[8].
The Tsapaki and Rehani paper [3], in discussing female participation in
the workforce within Europe, noted that the European Commission, in 1999,
“undertook to develop a coherent approach towards promoting women in re-
search”, and aimed for a 40% representation of women. In the past 20 years a
number of nations have similarly commissioned investigative reports into, and
programs addressing, the difficulties faced by women in STEM fields [1].
The attrition of women along STEM career paths has often been described
using the ‘leaky pipeline’ metaphor (particular within academia), with par-
ticipation declining with increasing levels of seniority and status [1,9]. The
2012 Higher Education Research Data Collection results indicated that women
comprise more than 50% of science PhD graduates, but only 17% of senior aca-
demics within universities in Australia [10]. This leaky pipeline effect has not
been explored for the medical physics workforce.
One factor associated with women’s “depressed rank and status” within the
sciences is publication productivity [11]. In medical physics, the importance of
developing and maintaining a published research track record is indicated by
the fact that ACPSEM publishes its own scientific journal, and the fact that
the ACPSEM will not permit a medical physics registrar to be accredited as a
medical physics specialist without having first published at least one paper and
presented at a scientific conference. The possible effects that the participation
of Australasian women in published and visible research may be having on the
status of female medical physicists cannot be assessed without some indication
of the gender balance within Australasian published research.
A discussion paper on women in the STEM fields within Australia released
in 1995 [12] reported an under-representation of women in specific disciplines
(including physics) and made recommendations to the government to initiate
reforms. A subsequent report released in 2009 [1] indicated there had been
small increases in women’s participation in traditionally male dominated fields.
Similar trends have been observed in New Zealand, where, for example, female
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participation in the physics workforce increased from 23% to 29% between 1996
and 2006 [13].
The Australian Academy of Science launched the Science in Australia Gen-
der Equity (SAGE) pilot trial in September 2015, aiming to stem the loss of
women in science [2]. The SAGE program will assess the gender equity policies
and practices of 24 Australian Universities and 4 medical research institutes.
This program is based on the Athena SWAN Charter, an evaluation and ac-
creditation framework from the UK, where medical research institutes have
been required to demonstrate a commitment to gender equity in order to
receive research funds (since 2011) [2]. Motivations for such policies include
possible productivity improvements within diversified workforces [14]. Such
policies are dependent on the quantification of under-representation.
This study aims to inform future research and policy development, by
providing a preliminary analysis of female participation in the medical physics
workforce in Australasia. Overall female participation in the workforce is evalu-
ated using demographic information, extractable from the ACPSEM databases,
and the participation and promotion of female medical physicists in Aus-
tralasian research is evaluated via the presentation of medical physics research
at “Engineering and Physical Sciences in Medicine” (EPSM), the annual con-
ference of the ACPSEM, and in Australasian Physical & Engineering Sciences
in Medicine (APESM), the official journal of the ACPSEM.
2 Method
A list of ACPSEM branch member names (n=647) was collated using a search
of the ACPSEM member directory completed on Friday 17th July, 2015. This
data included 647 branch member names (after the removal of duplicates and
member organisations), and included affiliated organisation, branch and email
details. The names of ACPSEM certified1 radiation oncology (n=273), radiol-
ogy (n=35), and nuclear medicine (n=27) medical physicists were also collated
at the same time. A list of chief physicists at accredited radiation oncology
and diagnostic imaging training centres (dated 23rd February, 2015) was also
obtained from the ACPSEM.
In order to provide an example of the gender balance of the medical physics
workforce in a large Australian state, the Queensland ROMP workforce was
selected for further examination and stratification. The 2012 ACPSEM mem-
ber survey [7] indicated that the Queensland ROMP workforce was the 4th
largest Australasian ‘state’ workforce (after New South Wales, Victoria and
New Zealand), with the largest number (n=22) of ROMPs in training (0-3
years experience), constituting 34% of its workforce. At the time of this study,
Queensland was the 3rd largest branch by membership.
1 Certification pathways include the ACPSEM training and education program (TEAP),
for those entering the profession, and examination for experienced physicists (having com-
menced employment before 2006 in radiation oncology, or 2011 for radiology and nuclear
medicine).
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A complete list of ROMPs (n=62) working in Queensland was collected
and stratified according to level of seniority (as determined by wage rate or
assessment by local staff and discussion with the state branch chairperson).
These levels were defined as follows:
– Junior: typically referring to a TEAP registrar or uncertified physicist (cor-
responding, in the public system, with the Queensland Health HP3 wage
rate).
– Specialist: typically referring to a certified physicist (HP4).
– Senior: referring to an experienced physicist with some leadership respon-
sibilities (HP5).
– Principal: referring to an assistant director or site manager (HP6).
– Chief: referring to the director of the physics group (HP7).
To provide an indication of female participation in research, past issues
(dating back to 2001, or volume 24, the earliest volume available through
SpringerLink) of the official journal of the ACPSEM, Australasian Physical
and Engineering Science in Medicine (APESM), were used to generate lists
of:
– first and last authors of standard articles (including position papers, rec-
ommendation papers, review papers, scientific or original papers and notes,
technical reports and notes, educational notes, and conference papers; not
including conference abstracts, conference reports, book reviews, invited
articles, editorials, letters to the editor, announcements, policy statements,
biographies or obituaries).
– authors of guest editorials and invited articles.
A list of members of the editorial committee (as of Friday 17th July, 2015)
was also obtained. It should be noted that the scope of the journal extends
beyond medical physics, to biomedical engineering.
Published abstracts from the Engineering and Physical Sciences in Medicine
(EPSM) conference were used to collate lists of first authors of proffered and
invited or keynote oral presentations from 2005 (10 years ago) through 2013
(the most recent EPSM conference). For the period from 2005 through 2010,
where EPSM abstracts were published alongside Australian Biomedical Engi-
neering Conference abstracts, biomedical engineering abstracts were removed
from the list.
Due to the limited geographical scope of this study, authors from institutes
not located in Australia or New Zealand were removed from the lists of article
and presentation first authors.
When evaluating APESM publications and EPSM presentations, the first
author was used as a surrogate for the person responsible for carrying out the
work presented or published. In 94 − 98% of cases, the first author was also
the presenting author. Regardless of the validity of this assumption (which
may be affected by the ACPSEM’s publication requirement for certification)
the gender balance of first authors is an important subject for examination as
it affects the relative visibility of male and female medical physicists, in the
research sphere.
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For the included APESM publications and EPSM presentations with mul-
tiple authors, the last author was also used as a surrogate for the senior or
supervising author. This sequencing convention, while common practice in
academia, can not be assumed to have been used for all the presentations and
publications in this study. These supervising authors were not medical physi-
cists in all cases. Senior authors from institutes not located in Australia or
New Zealand were removed from the list.
These ACPSEM, EPSM and APESM lists contained a total of 3,163 names,
including many duplicates. Other than EPSM 2011, which included Mr/Mrs/Miss/Ms
in the titles of some presenters, none of these lists specified the genders of the
individuals within them. For each list genders were assigned, where not pre-
viously known to the authors or colleagues, preferentially via online profiles
(e.g. LinkedIn, research databases and university profiles), via internet searches
(e.g. in newsletters, reports), and finally via census- and sample-informed es-
timation (using the gender-api and genderize.io services). Where the gender
could not be estimated (n=18, or 3%, for ACPSEM members; n=13, or 4%, for
APESM first authors; n=3, or 1% for APESM senior authors, n=8, or 1%, for
EPSM first authors; and n=12, or 2%, for EPSM senior authors) the data was
not included in the calculation of gender ratios or included in results tables.
2.1 Assumptions and limitations
This study is subject to a number of assumptions and limitations, which are
stated explicitly here in order to provide the reader with with the opportunity
to independently assess the value and relevance of the results of this study:
– The term “Australasia” is used throughout this manuscript as shorthand
for “Australia and New Zealand”.
– The 2012 ACPSEM workforce survey indicated that engineering positions
comprised 20% of the ACPSEM workforce [7], and gender equality in the
workplace is an important issue for biomedical engineers. However, this
study is deliberately focused on medical physicists, to the exclusion of
biomedical engineers.
– The dates at which data were sourced for use in this study are provided in
the method because the Australasian medical physics workforce is contin-
ually changing. While this provides a useful snapshot of the ACPSEM at
a particular (recent) historical point, conclusions that were appropriate at
the time of writing may no longer be valid at the time of publication or at
the time of reading.
– Medical physicists who have no involvement with the ACPSEM (including
EPSM and APESM) are not visible to, and are therefore ignored by, this
study.
– This study includes a detailed examination of the gender-balance within
the Queensland medical physics workforce, because (as noted above) reli-
able and verifiable information about this comparatively large workforce
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was made available to the authors. However, it should be noted that, al-
though one of the largest branches, Queensland only makes up 13% of the
total ACPSEM membership and 18% of the Australian ROMP component
of the ACPSEM membership. There are differences between the demo-
graphics and geographic distribution of the Queensland medical physics
workforce, compared to the other Australian states and New Zealand, that
make extrapolating from Queensland to the other branches inadvisable.
However, the analysis of the Queensland workforce provides a valuable ex-
ample of the type of analysis that could be undertaken (and a set of data
with which results could be compared), for the other Australian states and
for New Zealand.
– Publication author lists examined in this study were sourced from the
ACPSEM’s journal (APESM) only. The relative contributions to and recog-
nition of women and men in other scientific journals was not evaluated in
this study.
– Presentation author lists examined in this study were sourced from the
ACPSEM’s medical physics conference (EPSM) only. The relative contri-
butions to and recognition of women and men in other conferences (in-
cluding international conferences inside and outside Australia and New
Zealand) was not evaluated in this study.
– All abstracts relating to biomedical engineering were excluded from the ex-
amination of EPSM presentations before 2012, when EPSM was conducted
in conjunction with ABEC and ABEC abstracts were clearly separated in
conference proceedings. However, the smaller numbers of biomedical engi-
neering presentations that were included in EPSM conferences from 2012
onward have not been excluded from this study (due to the difficulty of un-
ambiguously identifying them). Biomedical engineering publications have
not been excluded from the analysis of APESM papers and editorials.
– For publications and presentations, the first author is assumed to be the
presenting author, the main author of the manuscript, and the individual
who performed most of the work published or presented. Similarly the last
author is assumed to be the senior or supervising author.(This is known to
be untrue in some cases.)
– The gender balance of keynote and invited conference speakers, as well
as the gender balance of invited editorials, is determined by many fac-
tors including the status and recognition of female and male researchers,
the diversity, experience and attitudes of individual organising committees
and editorial boards, the proportion of invitations that are sent to women
and men, and the proportions of women and men who accept those invi-
tations (which may itself be related to the status, workplace involvement
and workloads of female and male medical physicists).
– No attempt has been made, in this study, to identify the causes for observed
gender imbalances.
– Although comparisons with other medical and medical physics gender stud-
ies are included in the discussion, no attempt has been made contextualise
this study alongside the broader Australian or New Zealand scientific work-
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Table 2 Australasian College of Physical Scientists & Engineers in Medicine branch mem-
bership, certification and chief physicist data (c. 2015).
Cohort N Male Female
Branch members 629 72% (453) 28% (176)
Certified ROMPs 273 71% (193) 29% (80)
Certified DIMPs (Rad.) 35 77% (27) 23% (8)
Certified DIMPs (NM) 27 81% (22) 19% (5)
Chief ROMPs 38 79% (30) 21% (8)
Chief DIMPs 13 85% (11) 15% (2)
force, nor to evaluate how the gender balance of the Australasian medical
physics workforce may have evolved over time. This study also makes no
projections regarding how the medical physics workforce may change in
the future. Rather, the data herein may be used for comparison with fu-
ture studies of the Australasian medical physics workforce, to demonstrate
how the medical physics workforce may be changing with time or how the
gender balance might look different if evaluated in different terms (e.g. in
terms of contributions to other journals and conferences, in terms of con-
tinuing professional development or internal project work, or in terms of
representation on the ACPSEM branch committees and national council.)
3 Results
Table 2 lists gender ratios for branch members of the ACPSEM (data from
17/7/2015), as well as registered ROMPs and DIMPs (in both radiology and
nuclear medicine), along with gender ratios for chief physicists of accredited
ROMP and DIMP training centres (data from 23/2/2015). This data shows
that in Australia and New Zealand in 2015, there is an 8% difference between
the proportion of certified medical physicists who are women and the propor-
tion of chief medical physicists who are women, in both the ROMP and DIMP
fields, with the greater gender imbalance being at the chief level.
Table 3 lists gender ratios for the ROMP workforce in Queensland (data
from 23/7/2015), stratified according to seniority. These results show that
female participation in the workforce (in terms of certified physicists) is similar
to the worldwide figure reported by Tsapaki and Rehani [3] (table 1). The
discrepancy between the genders is larger in more senior positions.
Table 4 lists gender ratios for cohorts relating to the APESM journal: first
authors of standard articles and editorial authors between 2001 and 2014, and
current (data from 17/7/2015) members of the editorial board. The gender of
first authors is illustrated, stratified by year of publication, in figure 1. A two-
tailed Student’s t-test of the significance of the regression coefficents suggests
that there is a significant increase in the proportion of articles with women as
first authors (p = 0.015) and no significant change in the proportion of articles
with women as senior authors (p = 0.80), over time.
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Table 3 Radiation Oncology Medical Physics workforce in Queensland (c. 2015).
Seniority N Male Female
Junior 19 63% (11) 37% (7)
Specialist 15 53% (8) 47% (7)
Senior 13 62% (8) 38% (5)
Principal 8 88% (7) 13% (1)
Chief 7 86% (6) 14% (1)
Total 62 66% (41) 34% (21)
Table 4 Australasian Physical and Engineering Sciences in Medicine journal first author-
ship, senior authorship, guest editorial authorship and editorial board data.
Cohort N Male Female
Authors of articles (2001-2014) 312 78% (244) 22% (68)
Unique authors of articles (2001-2014) 236 75% (178) 25% (58)
Senior authors of articles (2001-2014) 260 77% (201) 23% (59)
Unique senior authors of articles (2001-2014) 173 78% (135) 22% (38)
Authors of editorials (2001-2014) 31 81% (25) 19% (5)
Unique authors of editorials (2001-2014) 30 80% (24) 20% (5)
Editorial board (c. 2015) 25 80% (20) 20% (5)
Fig. 1 Gender participation in Australasian Physical and Engineering Sciences in
Medicine. Red lines indicate male participation and purple lines indicate female partici-
pation. Solid lines indicate first authorship and dotted lines indicate senior authorship.
Table 5 lists gender ratios for proffered speakers, invited speakers and
keynote speakers at the EPSM conference between 2005 and 2013. The num-
bers of “unique” authors of articles and editorials (where multiple articles by
the same author are counted as one) area also shown in table 5. The gender
of first and senior authors is illustrated, stratified by year of presentation, in
figure 2 which shows a statistically non-significant increase in the proportion
of articles with women as presenting authors (p = 0.07) and a non-significant
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Table 5 Engineering & Physical Scientists in Medicine proffered, invited and keynote speak-
ers.
Cohort N Male Female
Proffered speakers (2005-2013) 840 72% (607) 28% (233)
Unique proffered speakers (2005-2013) 461 72% (330) 28% (131)
Senior authors of abstracts (2005-2013) 627 81% (505) 19% (122)
Unique senior authors of abstracts (2005-2013) 296 77% (228) 23% (68)
Invited and keynote speakers (2005-2013) 24 88% (21) 13% (3)
∗ Percentages may not total 100 due to rounding.
All invited and keynote speakers were unique.
Fig. 2 Gender participation in the Engineering and Physical Sciences in Medicine confer-
ence. Red lines indicate male participation and purple lines indicate female participation.
Solid lines indicate first authorship and dotted lines indicate senior authorship.
change in the proportion of articles with women as senior authors (p = 0.68),
over time.
4 Discussion
Currently, women constitute about 28% of the medical physics workforce in
Australia and New Zealand, distributed disproportionally in junior roles. The
data suggest a decrease in female participation in the field with increasing
levels of seniority, whether examining the number of DIMP and ROMP chiefs
across Australia and New Zealand (see table 2) or the number of senior, prin-
cipal and chiefs in the Queensland ROMP workforce (see table 3).
The gender ratios for the general membership (28%) female and for certified
ROMPs (29% female) presented here are slightly less balanced than the ratio
reported for working ROMPs (including registrars) in the 2008 survey (32.5%
female) [4].
Women in Medical Physics, Australia and New Zealand 11
The female participation in the Queensland ROMP workforce is higher
than the national average (see table 3). This may be related to the larger
proportion of more-junior physicists within the Queensland workforce (with
the female workforce mostly distributed within the junior, specialist and senior
levels; and with Queensland having the highest number of physicists in training
in 2012 [7]).
The female participation in the Australasian workforce was similar to the
worldwide figure (28%) and the figure for OECD member countries (28%)
as determined in the recent IOMP survey [3]. Amongst the OECD member
countries with 150 or more respondents, the Australasian region had:
– higher female workforce participation than Germany (20%), the Nether-
lands (21%), the United States (21%);
– similar female workforce participation to Spain (29%) and Denmark (30%);
– smaller female workforce participation than Greece (40%), France (48%),
Turkey (52%), Italy (53%) and Ireland (60%).
The female participation in the radiation oncology medical physics work-
force is similar to the radiation oncology workforce (29% in Australasia in 2010
survey [8]) and similar to the level of male participation in the radiation ther-
apy workforce (25% from 2009 report [4]). The radiation oncology workforce
also contained a disproportionate number of women in junior roles (53% of
radiation oncology trainees in 2010 were women) [8].
The trends observed in the data presented here conform with the leaky
pipeline model, observed in the natural and physical sciences in academia.
The results shown in table 3 are similar to the data seen in ‘scissors’ graphs
reported in the literature for academic levels [1,15].
There are similarities between the demographics of the workforce and
EPSM presentation authors. Levels of female participation in the Australasian
workforce and at the Australasian conference are similar (28% of ACPSEM
branch membership and 28% of all first-authors). Additionally, the dispar-
ity between the proportions of certified (28%) and chief (21%) ROMPs that
are women (see table 2) is echoed by the disparity between the proportion of
first-authors of proffered EPSM presentations who are women ((28%) and the
proportion of senior and invited EPSM speakers who are women (19% and
10%, respectively) (see table 5). This result suggests that within ACPSEM
conference presentations, female medical physicists are making a contribution
that is in proportion to their workplace participation.
By contrast, when examining first authors of articles published in APESM,
there is an under-representation of women (22% of article authors, compared
with 28% of the workforce), but little difference between authorship of prof-
fered versus invited work (22% and 19%) or between authorship at the first-
author or senior-author level (22% and 23%) (see table 4). The year with the
highest number of female first authors (2013 - see figure 1) also had the small-
est number of papers from Australasian authors of all the years included in
this study.
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For both EPSM conference presentations and APESM publications (see
tables 4 and 5), the similarities between the gender balances of authors and
unique authors suggest that the proportion of authors producing multiple pa-
pers or presentations per year is similar, between the two genders.
It should be noted that because this study used data sourced from ACPSEM
databases and from the ACPSEM journal and annual conference, it is not pos-
sible to use the information presented here to draw conclusions about the par-
ticipation rates male and female medical physicists who have no involvement
with the ACPSEM. Similarly, the narrow focus on the EPSM conference and
the APESM journal means that this study cannot recognise the contributions
of Australasian male and female medical physicists to international journals
or international conferences. Nonetheless, the results of this study may be re-
garded as a baseline for future studies of gender breakdown of the Australasian
medical physics workforce or as a basis for comparing the Australasian publi-
cation record with records from international journals or conferences.
5 Conclusion
The female participation in the medical physics workforce within Australa-
sia is not uniform across increasing levels or seniority or status (as evaluated
by leadership responsibilities and invitation to communicate research within
APESM and at EPSM conferences), with female medical physicists dispropor-
tionately represented in junior positions or as proffered speakers and authors.
The female participation in the workforce has not increased since the 2009
workforce survey, where women were (and still remain) concentrated in less
senior roles. The data presented in this study could act as a baseline to evaluate
future changes in workforce demographics.
The cross-sectional study presented here is not a substitute for a longi-
tudinal study analysing correlations between age, period of service, seniority
and gender. We recommend that future ACPSEM workforce surveys include
an analysis of gender representation.
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